In view of the recent investigations on the effect of temperature changes on biological processes (Crozier, 1924-25, a, b; Crozier and Federighi, 1924-25; Crozier and Sfier, 1924-25, a, b; Glaser, 1924-25) it became of interest to reexamine the relation between temperature and the rate of pulsation of the contractile vacuole of Paramecium. Kanitz (1907) found in four different species of Infusoria that as the temperature was raised, the rate of pulsation of their contractile vacuoles increased, agreeing with the work of earlier authors, and Khalnsky (1911) reported similar results with _Paramecium caudatum. Such an increase in rate is to be expected, since the function of the contractile vacuole is chiefly to expel the waste products of catabolism, arising from oxidative processes which are accelerated by increased temperatures. If the rate of pulsation is determined solely by the rate of these oxidative processes, then the thermal increments, or temperature characteristics, for pulsation might have the values typical of other oxidative processes (Crozier, 1924-25, b). If other factors are also involved the increments might be different.
one individual were nearly constant. In some cases the posterior vacuole showed a higher rate than the anterior, while in other cases, the reverse was true. It was necessary, therefore, to study one vacuole of a single individual at different temperatures. The incessant activity of Paramecium rendered the observation of one animal for more than a few seconds or minutes unsatisfactory, and in most cases impossible. Various methods for quieting the animals without exposing them to unfavorable stimuli were tried without much success. Finally, the chloretone method I was employed, with the hope that the thermal increment for pulsation would not be affected, although the actual rate of pulsation might be influenced.
The slide bearing the observation chamber was placed in a micro slide incubator, insulated at the top and bottom, and containing a tested thermometer. By opening the windows of the room in which the observations were made, it was possible to secure the lower temperatures. After closing the windows, the room temperature returned to normal so slowly (in about 2 hours) that readings could be taken at intervening points. The higher temperatures were obtained by allowing the electric current to flow through the heating coil of the incubator as long as necessary. Between 9 ° and 31°C. the rates of pulsation at particular temperatures are constant, whether they be obtained from decreasing or increasing temperatures. The average pH of the various cultures at the beginning of the experiments was 7.6. At the end of 24 hours it fell to 7.2. It is not believed, therefore, that the hydrogen ion concentration increased to more than pH 7.4 during the first 12 hours of confinement.
After the animals had been confined for about 2 hours, single individuals were selected, normal in every visible respect, and the rate of pulsation of the anterior contractile vacuole was determined at temperatures from 9-31°C. The time required for one complete pulsation (from the beginning of one contraction to the beginning of the next one) was measured by a stop-watch. Five readings were taken at each temperature for each animal when little variation appeared, while ten readings were taken when the variation was 1 The animals were confined in sealed glass chambers filled with culture fluid and chloretone solution. The resulting concentration of chloretone was about 0.056 per cent. For details of the procedure, see Cole and Richmond (1924-25) . sufficient to make this desirable. The average rates per minute for each animal were then calculated separately. Table I shows the data from one individual over a temperature The upper curve (black circles) is drawn from Khainsky's data; the lower one (white circles) from results described in the present paper. Below 16° the thermal increment (~) is 25,600; between 16 ° and 22 °, it is 18,600 and 18,900 (Khainsky's data); and from 22-31 ° it is 8,600 and 10,200 (Khainsky's data). In each case the value was determined from the slope of the line which best fitted the points plotted.
hours after confinement, and were continued for the 10 succeeding hours. During this time there were no evidences of morphological or physiological abnormalities in the animal, which fully recovered when placed in fresh culture fluid. In the last column of the table are given the rates reported by Khainsky, which, if divided by a constant (1.35), will yield values very near to those in the third column. Both sets of data are plotted in Fig. 1 , where the rate of pulsation is shown to be a logarithmic function of temperature, according to the Arrhenius equation, ~ -Although the plot of Khainsky's data does not coincide with mine, the slope of the lines is, nevertheless, nearly the same, ~ having the values 10,200 and 8,600 respectively, above 22 ° , and 18,600 and 18,900 between 17 ° and 22% Below 16 ° there are no figures from Khainsky, but my data show ~ to be about 25,600. All of these values were calculated from the slopes of the lines. Other series of observations on single animals resulted in different rates of pulsation at the same temperatures. When they were plotted, however, the slopes of the lines were the same, showing that the thermal increments were the same in all cases. If vacuole pulsation is dependent upon chemical reactions which are catalyzed, then the suggestion of Loeb and Chamberlain (1915) , that individual variations in their rates may be caused by varying amounts of the effective catalyst present in different individuals, may be applied in this case.
Since the pulsation rates between 16 ° and 31 ° show essentially the same thermal increments for normal (Khainsky) and for chloretonized animals, it may be assumed that over this range of temperatures chloretone does not affect the temperature characteristic of pulsation frequency. Below 16 ° there are no reliable data for Paramecium in its normal environment. Although none of the increments agree exactly with those found by Crozier to be characteristic of oxidative processes, namely 7,900, 11,500, and 16,500 (Crozier, 1924-25, b; Crozier and Stier, 1924-25) , this does not mean necessa-2 The theoretical considerations involved in the use of this equation are discussed in the papers of Crozier and Glaser already referred to.
rily that oxidations, are not primarily responsible for the pulsation in Paramecium. Other unknown reactions may modify the oxidative ones, or may independently be the slow controlling processes. It is impossible to conclude that the rate of respiration in Paramecium is solely responsible for the rate of pulsation of the contractile vacuole until the rates of oxidation in Paramecium at corresponding temperatures have been determined. There is no doubt about the existence of three breaks in the lower plot of Fig. 1 , indicating that pulsation depends upon a catenary series of at least three underlying processes. Which one of these will be the determining reaction depends upon the temperature range considered.
SUMMARY.
